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ABSTRACT OF THE DISCLOSURE 
A packet data communication system includes a control station and a plurality of 
mobile terminals that communicate on demand with the control station over a wireless 
link. The control station has a data port for receiving data packets destined for the 
terminals, an arrangement for generating a plurality of data channels for carrying the data 
packets, and an arrangement for assigning the data packets destined for a particular 
terminal to one or more of the data channels. A control channel carries control 
information pertaining to the data channels. The channels are transmitted to the mobile 
terminals as an r.f. signal. The terminals have a receiver for receiving the r.f. signal, an 
analog-to-digital converter for digitizing the received signal, and a buffer for storing the 
digitized received signal. The terminals continually monitor the control channel to extract 
control information. The stored signal is processed to extract packet data destined for the 
terminal from one or more of the data channels in response to control information 
received on the control channel. 
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Packet Data Communication System 

This invention relates to a packet data communication system suitable for 
transferring data between a large number of mobile terminals and a central control station. 
The system is particularly suited for a satellite based system, where the central control 
communicates with the terminals via an orbiting satellite, but it could be applied to 
ground based systems. 

There are many situations where it is desirable to transfer data between a control 
station and a plurality of distributed mobile terminals. For example, in the trucking 
industry, the truck's on-board monitoring and logging devices may automatically report to 
usage and location information back to a central station. Also, information relating to the 
environmental conditions, condition of the load, for example, the temperature of a 
refrigerated containers, can be reported. The operator may need to send schedule or 
routing changes to the drivers. Paging systems require text messages to be sent individual 
customers. Traditionally these systems have carried relatively small amounts of data and 
do not require wideband channels. The bandwidth requirements, however, can change 
from time to time depending on the type and amount of data that needs to be transferred. 
Clearly, for example, voice channels will require a wider bandwidth channel than one that 
merely communicates position or environmental in the nation. 

Typically, SCPC (a Single Carrier per Channel) techniques are employed for such 
systems. In SCPC, as the name implies, each active channel is assigned a single narrow 
band carrier, typically not more than 20 KHz wide. The assigned channel depends on 
availability and desired bit rate. Bit rates are typically 0. 6, 4. 8, 19.2, kilobits per second. 
When the control station wishes to send a message to the terminal, the targeted terminal is 
notified over a very low bit rate control channel that it should expect to receive a message 
on a particular frequency. The targeted terminal then tunes to that frequency in order to 
receive and decode the incoming message. 

In order to provide a sufficient number of channels, the maximum channel bit rate 
is typically limited to 19. 2 kilobits per second. This means that such systems are not 
capable of carrying high quality voice signals, which typically require at least 32 kilobits 
per second. Such systems are generally not suitable for handling graphic information such 
as web pages, which is becoming an increasingly important application. 
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The need to assign a message channel over a control channel before passing to the 
message also introduces a delay, known as latency, which makes it difficult to conduct 
interactive communications, for example, with the keyboard in real time. 

An object of the invention is to provide a system that alleviates these 
5 disadvantages. 

According to the present invention there is provided a packet data communication 
system having a control station and a plurality of remote terminals that communicate on 
demand with said control station over a wireless link, said control station comprising a 
data port for receiving data packets destined for said terminals; means for generating a 

10 plurality of data channels for carrying said data packets; means for assigning said data 
packets destined for a particular terminal to one or more of said data channels; means for 
generating a control channel carrying control information pertaining to said data 
channels; and means for transmitting said carriers to said mobile terminals as an r.f. 
signal; and each of said terminals comprising a receiver for receiving said r.f. signal; an 

1 S analog-to-digital converter for digitizing said received signal; a buffer for storing said 
digitized received signal; means for monitoring said control channel to extract control 
information therefrom; and means for processing said stored signal to extract said packet 
data destined for said terminal from one or more of said data channels in response to 
control information received on said control channel. 

20 Normally the received signal will be downconverted and demodulated to baseband 

prior to analog-to-digital conversion, although if desired with high speed processors it is 
contemplated that the entire processing could take place in the digital domain. 

The remote terminals can either be fixed or mobile. 

This system has the advantage of flexibility. Data packets can be sent on one 
25 channel or distributed simultaneously over several channels depending on the bandwidth 
requirements. For low bit rates, a single channel can be shared among several terminals. 
Unlike the prior art, it is not necessary for the channel assignment information to be sent 
in advance of the message. The assignment information on the control channel and the 
message can be sent simultaneously since the raw incoming data is stored. Only minimal 
30 processing is required to extract assignment information unless the control channel 
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indicates that a message is addressed to the terminal in question, in which case the 
message can be extracted from the assigned carriers). 

The carriers are preferably generated in a digital signal processor (DSP), which 
carries out the channel assignments. The channels are then transmitted by means of the 
5 r.f. carrier, normally via satellite, to the destination terminals. 

Hie aggregate channels are on the r.f. carrier are transmitted as frames bounded 
by predetermined time instants. Each buffer typically stores one frame of information. 
Each frame can contain multiple packets distributed across multiple channels. 

The control information informs a particular terminal that the current frame 
10 contains a message for that terminal, as well as the channel assignments, and time and 
frequency reference information. Only minimal processing is required at the terminals to 
monitor the control channel since this has a very narrow bandwidth, typically 600 b.p.s. 
No attempt is made to decode the data unless a message is received from the control 
channel that data is present for the terminal in question. 

1 5 Each terminal also contains a DSP, which on receipt of a control message decodes 

the currently stored frame to extract data packets destined for that terminal. If the data 
contains wideband information, such as graphics, the packets are likely to be distributed 
sequentially over several channels. The DSP will extract the packets from the various 
channels in accordance with the information received on the control channel and arrange 

20 them in the appropriate order before outputting them to the data processing circuitry. 

The signal processing is preferably carried out with an advanced DSP, such as the 
TMS320C60. 

The system is thus capable of generating and demodulating simultaneous multiple 
carriers within the sampling bandwidth. Per frame adaptive processing of multiple 
25 carriers is achieved through buffered data and sequential processing. 

The system can support multiple bit rates and power levels. It can also support 
multiple return access methods, such as unslotted ALOHA, slotted ALOHA and assigned 
channel. It can be used for mobile dispatch services employed text and canned messages, 
medium length messages with low latency, as well as for TCP/IP connections which 
30 provide LAN extension, FT protocol, email and database transactions. 
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The invention also provides a method of establishing communication between a 
control station and one or more of a plurality of mobile terminals over a wireless link, 
comprising the steps of generating a plurality of carriers; dynamically assigning one or 
more data carriers to a destination terminal; modulating said one or more carriers with 
5 packet data for said destination terminal; generating a control carrier containing 

information pertaining to said modulated carriers; transmitting said data carriers and said 
control carrier as an aggregate signal to said destination terminal; buffering said aggregate 
signal at said destination terminal; extracting said control information from said aggregate 
signal; and extracting data from said buffered signal in response to a received assignment 
10 in said control information. 

The invention will now be described in more detail, by way of example only, with 
reference to the accompanying drawings, in which:- 

Figure 1 is a block diagram of a multiple rate satellite packet data system; 

Figure 2 shows the forward link spectrum; 

1 5 Figure 3 is a block diagram of a part of a satellite ground station; 

Figure 4 illustrates a frame on the forward link; 

Figure 5 is a block diagram of a remote terminal; 

Figure 6 is a more detailed diagram of a remote terminal; 

Figures 7a shows a prior art protocol and Figure 7b shows a protocol with 
20 simultaneous transmission of data; and 

Figure 8 shows the spectral distribution of the return link. 

Referring to Figure 1 , a satellite ground station 1 0 communicates with remote 
terminals 1 1 over two-way r.f. links, which may be either fixed or mobile, via satellite 12, 
such as an MS AT. The links can operate at any frequency capable of carrying data. In the 
25 case of satellites, this will typically lie in the gigahertz range. The satellite 12 could, for 
example, be INMARSAT . 

The ground station 1 0 is connected to the packet processing network operations 
center 13, which in turn is connected it over a wide area packet network 14 to end users 
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1 5 or value added retailers 16. The packet network 14 may, for example, be frame relay, 
X..25, Internet, a private network, or the PSTN/ISDN. 

The end users can be equipment operators, such as trucking companies wishing to 
communicate with mobile terminals in their trucks. The value added retailers could, for 
5 example, be paging operators selling paging services to the public. 

The bandwidth requirements can vary significantly according to the type of 
information to be transmitted. Simple text messages, such as are sent by paging services, 
require very little bandwidth, whereas voice or graphics messages require much greater 
bandwidth. The invention permits wide bandwidth messages to be aggregated over 
10 several channels and the appropriate assignment information to be transmitted 
simultaneously to the mobile terminals. 

The ground station 10 receives packet data destined for a particular terminal from 
the network processing center 13 and forwards it via satellite 12 to the destination 
terminal 11. The ground station 10 generates a plurality of SCPC (Singe Channel Per 

1 5 Carrier) data carriers of predetermined, but varying, bandwidth in a digital signal 

processor, assigns the packets to one of more of the data carriers and then transmits the 
aggregate signal, after upconversion, over r.f. links 17 to the terminals 11. In addition, the 
ground station 10 transmits a narrow band control channel, typically 600 bps., containing 
the timing and reference information that the terminal needs to extract the packet data 

20 from the transmitted frames. The control channel also notifies the terminals when frame 
contains information destined for them and how the information is distributed across the 
available channels. 

Figure 2 shows the link spectrum for the forward link. In the example given, this 
consists of a 19.2 kbps TDM data channel, a 600 bps control channel, which is typically 

25 centered for convenience of access, a 600 bps data channel and a 4800bps data channel. 
These channels, which can be thought of as a series of modulated carriers are actually 
created in the digital domain in the digital signal processor in the control station. The 
channels extend over a bandwidth of 100 KHz or more. The channels are combined in the 
digital signal processor to form a baseband signal, which is then passed through a digital- 

30 to-analog converter to create an analog baseband signal. This is then modulated in a 
Quadrature modulator onto a carrier, typically at 1450Mhz. This signal is typically 
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upconveited to a frequency in the order of 13GHz for transmission over the links 17 to 
the satellite 12. The Qmodulators allow two separate baseband signals, each consisting of 
several channels, to be carried on the same carrier. 

Figure 3 is a block diagram of the carrier processing section in the control station. 
5 This consists of four TMS320C60 digital signal processors 20, one for each satellite 

beam, each connected to an analog-to-digital converter 21 and digital-to-analog converter 
22, which in turn are respectively connected to Quadrature demodulators 23 associated 
with frequency synthesizers 24 and Quadrature modulators 25 associated with frequency 
synthesizers. The output of the Q modulators 23 is combined in a transmit combiner 27 to 
10 generate an IF signal at 1450 Mhz. This IF signal is eventually upconverted to 13GHz for 
satellite transmission. 

The data packets are received over a leased line 28 from packet network 1 4 by 
access server 29, which addresses the packets to the appropriate terminal. The access 
server 29, as well as a timing module 30 and host PC 3 1 are connected to the DSPs 20 
15 over bus 32. 

The DSPs 20 generate carriers between 0 and 100 KHz in the digital domain. 
Incoming data packets are buffered and then mixed with one or more digital subcarriers, 
depending on the data rate, and the subscarriers combined into a baseband signal, 
typically ranging from 0 to lOOKHz. The DSPs also create a control channel, which in 
20 addition to carrying timing information, carries the channel assignments to the remote 
terminals. 

The carriers are combined in the DSP and outputted as a 0-50KHz (0-100KHz) 
baseband signal, which is passed through DAC 22 before being input to Qmod 25, which 
creates a 1450MHz IF signal for upconversion to the frequency of the satellite link. 

25 Typically, the DSPs 20 generate up to ten carriers over 50KHz of bandwidth. The 

carriers can have different channel rates, such as 0.6, 4.8, 19.2 bps at different power 
levels to support terminals with different antenna characteristics, such as gain, size, etc. If 
packets arrive for a particular terminal at a very low bit rate, it may be possible to send 
them out on a single carrier. However, if the rate is too great for a single carrier, they can 

30 be distributed across one or more channels are transmitted simultaneously. The DSPs 20 
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keep track of the channel assignments and transmit this information to the remote 
terminals on the control channel. 

The packet lengths can vary and be mixed, but they typically may be 64, 256, 
1000 and 4000 bits. The packets are transmitted in frames, which typically may have a 
duration of over one second and contain 8 to 324 packets. 

Figure 4 shows a typical 4.8 Kbps frame. This has a duration of 1 .08 seconds and 
contains 5,184 bits including a 64-bit header. The remaining 5120 bits can be sent as 80 
packets of 64, bits 20 packets of 256 bits, 5 packets of 1024 bits, one packet of 4096 bits 
plus 1 6 packets of 64 bits, one packet of 4096 bits plus four packets of 256 bits, or one 
packet of 4096 bits plus one packet of 1024 bits. 



Each frame may contain several carriers. The forward link channel characteristics 
might typically be as follows: 



Information 
Rate bps 


FEC rate 


Channel Rate 


Modulation 


Bandwidth 


C/N 0 


600 


1/2 


1,200 


BPSK 


2,400 


32.3 


4800 


3/4 


6,400 


OPSK 


6,400 


42.3 


19.200 


3/4 


25,600 


8PSK 


17,100 


51 



Examples of forward link channel mixes are as follows: 



TOTAL 
CAPACITY 


NUMBER OF 600 
BPS CHANNELS 


NUMBER OF 4800 
BPS CHANNELS 


NUMBER OF 
19200 BPS 
CHANNELS 


TOTAL 
BANDWIDTH 


5.4Rbos 


9*n 


0 


0 


50 kHz 


38.4 kbps 


(!) 


0 


2 


37 kHz 


48 kbps 


(1) 


2 


2 


50 kHz 


19.2 kbs 


(1) 


4 


0 


25 kHz 



For example, if packet data is arriving for a particular terminal at an average rate 
of 5.4 kbps per second, this data can be sent to the destination terminal by distributing it 
over 9 simultaneous 600 bps carriers. The rate is an average rate because the incoming 
data is buffered to even out bursts. Data can be sent at the rate of 3 8.4 kbs by sending it 
simultaneously on two 19.2 kbs carriers. 19.2 kbs can also be achieved by sending the 
data simultaneously on four 4.8kbs carriers. This allows considerable flexibility 
depending on the data rate requirements and the availability of channels. 
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Each frame after passing through the digital-to-analog converter 22 is an analog 
baseband waveform containing all the carriers. 

Figure 5 is a block diagram of a remote terminal. In Figure 5, the r.f. signal on the 
satellite downlink is picket up by antenna 30 and passed to Qdemodulator 3 1 associated 
5 with frequency synthesizer 32. The demodulated basedband signal is passed to analog-to- 
digital converter, where it is quantized and stored in buffer 34 one frame at a time. The 
buffer 34 always stores the current frame regardless of whether that frame contains data 
for the associated terminal. 

The central portion of the frame in the frequency domain contains the control 
.10 signal, which DSP 35 recognizes and continually extracts. DSP can be a type 
TMS320C60 or other advanced high speed digital signal processor. 

The DSP continually extracts from the control signal, which represents a very 
small part of the frame, timing information, group configuration (number of carriers, bit 
rates, additional channel assignments), assignments (packet type, id, channel, time slot, 
1 5 packet length), acknowledgement packets (ACKs -packet type, id). 

The control channel can also be use as a bulletin board to notify the terminals of 
beam frequency, back-up frequency, date, time, beam data, access control, return 
channels, configuration. By notifying the mobile terminals of the times of access, they 
can be put into a sleep mode between access times, thereby conserving battery power. 

20 The control channel represents such as small part of the buffered frame that the 

extraction of the control information only uses minimal processor resources. Unless the 
control channel indicates that there is data present for a particular terminal, the DSP 35 in 
the terminal takes no further action. If the control channel indicates that data is present, 
the DSP 35 looks at the appropriate carrier frequencies to extract the digital data destined 

25 for the terminal. This means that a terminal can be advised of the presence of data 

intended for it simultaneously with the transmission of data because the frame carrying 
the raw data is already present in the terminal's buffer when the information from the 
control channel is extracted. 

The DSP 35 carries out the following signal processing steps: 
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1. 



The control channel located in the center of the received band is first 



decimated and then demodulated. 



2. 



If the control channel indicates an assignment for the terminal in question, 
the DSP extracts the necessary channel information, such as modulation, 
bit rate, coding, frequency offset, location in time, and message length. 



3. 



The message is extracted from the stored pre-decimated data. 



10 



15 



20 



4. Finally the DSP 35 outputs the message to the destination. 

Figure 6 is a block diagram of an implementation of a mobile terminal on a circuit 
card. DSP 35 is connected to bus 42 along with program memory 41 , which stores the 
instructions for controlling the DSP 35, and data memory 40, which stores the received 
baseband signal. 

Access to the card is through interface unit 43, which provides connections to the 
analog-to-digital and digital-to-analog converters, and to a serial I/O port, which allows 
the DSP to be programmed, for example, with the aid of a personal computer. 

Latency is minimized because unlike the prior art there is no need for the control 
information to be sent before the data. Figure 7a shows a prior art protocol. The control 
station must first transmit a channel assignment on a control channel, which tells a 
terminal to listen to a particular carrier for a message. Only when this control message has 
been acknowledged does the control station subsequently transmit a data message on the 
assigned channel, which is also be acknowledged by the receiving terminal. 

In a protocol in accordance with the principles of the invention, as shown in figure 
7b, the control information and message are transmitted simultaneously and only the data 
message is subsequently acknowledged. This is possible because the terminal stores the 
raw digitized frame in its buffer 34. 

The population of terminals can be arranged in groups so that different groups 
listen to different groups of carriers. For example, a first group of terminals can listen to a 
first group of carriers, spanning, for example, 50 KHz, a second group can listen to an 
adjacent group of carriers, and so on. In order to contact a particular terminal, the control 
station must choose a channel(s) in the group assigned to that terminal. 
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So far the discussion has only considered the forward link from the ground station 
to the terminals. A return link, which has a similar structure to the forward link, is 
provided to permit the terminals to communicate with the ground station. 

The structure of the return link is shown in Figure 8. It consists of a 1 9.2 kbps 
permanently assigned channel (DA), a 4.8 kbps unslotted RA (random access) channel, 
and two 4.8 kbps slotted RA channels. The return link has a multiple SCPC architecture, 
variable bit rate transmission, and robust fade margin. Demodulation of the carriers 
occurs at the ground station within the sampling bandwidth. 

The return link includes the following features: unslotted random access, 64 bit 
packets, 600, 4800 bit rates, 1 0% throughput. 



The table below gives an example of the return link channel mix. 



Throughput 


600bi 


OS 


4800b 


PS 


19200bps 


Bandwidth 


(kbps) 


R 
A 


S 
A 


D 
A 


R 
A 


S 
A 


D 
A 


R 
A 


S 
A 


D 
A 


(kHz) 


6 




















30 


24.9 














1 


1 


1 


60 


31.5 


1 




1 


1 


I 


1 


1 


1 


1 


100 


5.64 


6 


6 


8 














100 



The described system provides a flexible satellite packet data system. It offers 
multiple simultaneous carriers enabled by per frame adaptive processing and high speed 
DSPs having different bit rates and power levels. A low bit rate control channel provides 
frequency, timing and frame content information. 

The return channels use simultaneous multiple return access methods (slotted and 
unslotted ALOHA, assigned channel). 

A bulletin board notifies terminals of beam frequencies, back-up frequencies, 
date, time, beam data, access control and return channel configurations. 

Although the system has been described as implemented with a DSP, it will be 
understood by one skilled in the art that it is also possible to implement it in a general 
purpose microprocessor, such as a Pentium II, for example. 

The system has a novel packet structure and low latency due to an improved 
protocol requiring fewer acknowledgements. 
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Claims: 

1 . A packet data communication system having a control station and a plurality of 
remote terminals that communicate on demand with said control station over a wireless 
link, 

said control station comprising 

a data port for receiving data packets destined for said terminals; 

means for generating a plurality of data channels for carrying said data packets; 

means for assigning said data packets destined for a particular terminal to one or 
more of said data channels; 

means for generating a control channel carrying control information pertaining to 
said data channels; and 

means for transmitting said carriers to said remote terminals as an r.f. signal; and 

each of said terminals comprising 

a receiver for receiving said r.f. signal; 

an analog-to-digital converter for digitizing said received signal; 
a buffer for storing said digitized received signal; 

means for monitoring said control channel to extract control information 
therefrom; and 

means for processing said stored signal to extract said packet data destined for 
said terminal from one or more of said data channels in response to control information 
received on said control channel. 

2. A packet data communication system as claimed in claim 1, wherein said 
transmitting means transmits said carriers as a framed baseband signal, each frame 
containing one or more data channels and the control channel. 

3 . A packet data communication system as claimed in claim 2, wherein said buffer 
stores a frame of raw baseband data. 

4. A packet data communication system as claimed in claim 3, wherein said 
monitoring means comprises a digital signal processor for extracting said control channel 
from said stored frame of raw baseband data. 
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5. A packet data communication system as claimed in any on of claims 1 to 4, 
wherein each- said terminal further comprises a demodulator for demodulating said 
received r.f. signal prior to analog-to-digital conversion. 

6. A packet data communication system as claimed in claim 5, wherein said 
demodulator is a quadrature demodulator. 

7. A packet data communication system as claimed in claim 4, wherein said digital 
signal processor also provides said processing means, said digital signal processor 
extracting data from carriers identified by said control signal. 

8. A method of establishing communication between a control station and one or 
more of a plurality of mobile terminals over a wireless link, comprising the steps of: 

generating a plurality of carriers; 

dynamically assigning one or more data carriers to a destination terminal; 
modulating said one or more carriers with packet data for said destination 
terminal; 

generating a control carrier containing information pertaining to said modulated 
carriers; 

transmitting said data carriers and said control carrier as an aggregate signal to 
said destination terminal; 

buffering said aggregate signal at said destination terminal; 

extracting said control information from said aggregate signal; 

and extracting data from said buffered signal in response to a received assignment 
in said control information. 

9. A method as claimed in claim 8, wherein said aggregate signal is transmitted as a 
framed signal, each frame containing one or more of said carriers and said control signal. 

1 0. A method as claimed in claim 9, wherein said aggregate signal is stored in said 
buffer one frame at a time, and said control information is extracted from said stored 
frame to determined whether it contains data intended for the destination terminal. 

11. A method as claimed in claim wherein said aggregate signal comprises a baseband 
signal that is modulated onto an r.f. carrier. 
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12. A method as claimed in claim 11, wherein said r.f. carrier is first demodulated at 
said terminals to extract said baseband signal, and said baseband signal is then passed 
through an analog-to-digital converter prior to being buffered in said terminal. 

13. A mobile terminal for receiving date from a packet data communication system 
having a control station and a plurality of remote terminals that communicate on demand 
with said control station over a wireless link, said terminal comprising: 

a receiver for receiving an incoming signal; 
an analog-to-digital converter for digitizing said received signal; 
a buffer for storing said digitized received signal; 
means for monitoring said control channel to extract control information 
therefrom; and 

means for processing said stored signal to extract packet data destined for said 
terminal from one or more of said data channels in response to control information 
received on said control channel. 

14. A mobile terminal as claimed in claim 1 3, further comprising a demodulator for 
demodulating said incoming signal to baseband before said incoming signal is passed to 
said analog-to-digital converter. 

15. A mobile terminal as claimed in claim 13 or 14, wherein said means for 
monitoring and said means for processing are implemented in a digital signal processor. 
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5 packets oM 024 Ms 
1 packet of 4096 Ms plus 16 packets of 64 Ms 
1 packet of 4096 Ms plus 4 packets of 256 Ms 
1 packet of 4096 Ms plus 1 packet of 1024 Ms 
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